Melatonin receptors in rat hippocampus: molecular and functional investigations.
Since binding sites for melatonin have been found in the hippocampus of several mammals, it has been suggested that the pineal hormone melatonin is able to modulate neuronal functions of hippocampal cells. In order to get more insight into the role of melatonin for the functions of hippocampal cells, the following experiments were performed: male rats, maintained under a 12/12-h light-dark cycle, were sacrificed by decapitation at zeitgeber times (h) ZT2, ZT8, and ZT15 (ZT0 = lights on); for experiment 1, gene expression for melatonin receptors was detected in the hippocampus and in hippocampal subfields by means of the RT-PCR technique; for experiment 2, electrophysiological and pharmacological properties of melatonin receptors heterologously expressed in Xenopus oocytes after injection of mRNA from the hippocampus were analyzed by means of voltage clamp technique; and for experiment 3, effects of melatonin on the spontaneous firing rate of action potentials in the CA1 regions of hippocampal slices were analyzed by means of extracellular recordings. The RT-PCR data revealed that transcripts for both the MT1 and MT2 melatonin receptors are present in the dentate gyrus, CA3, and CA1 regions, and the subiculum of the hippocampus. Injection of mRNA from rat hippocampus into the Xenopus oocytes led to the functional reconstitution of melatonin-sensitive receptors, which activates calcium-dependent chloride inward currents. The melatonin responses were abolished by simultaneous administration of the antagonists 2-phenylmelatonin and luzindole, and were unaffected by the MT2 antagonist 4-phenyl-2-propionamidotetralin. Bath-applied melatonin (1 micromol/l) enhances the firing rate of neurons in the CA1 region. The effect was small in experiments performed at ZT8 (<2 times the initial level) and large in experiments performed at ZT15 (>6 times). The changes of neuronal firing rate induced by melatonin were completely suppressed with simultaneous administration of the melatonin receptor antagonist luzindole (10 micromol/l). The results indicate that melatonin may play an important role in modulating neuronal excitability in the hippocampus.